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D̄i
p8^§mvm&t^
D̄i = (
1
card(T (i))
∑
T∈T (i)
D
−1/2
T )
−2 ±+8³
LNMPR¬¥cpo¹cPm_wPpv«Q#R`bfhgjx­g^N`bM]d^NvgvR6c!]\
Mi = Vi.D̄i.V
T
i
±   8³
MPR6fhR
Vi
gj^C`bMPRlmvfh`hMmvvm8cpo¸Qqp&`bfhg»Umv]R6g8R*c]vR4x¦`bmvfy^¥mv8`bMPRlm8fhgvgcpo&Qqpo`hfbg©»
Mi
d^hR6w­gc§m8fhQdPjp
± 8³ªLNMPgj^uPfbm_xR6wPdPfhR­`bM;d¥^tfbR*uPjpvx*R6^`hMRR*gvR*c]&podPR4^Nmo
Mi
]\`hMRxm8fhfbR6x`hR6w!R*gvR6c]¸pvdR6^NvgvR6c
]\µ± +8³`bMp&``bfhgR6^`bmM¥p¸vRp¥R*`r`hR6ftR6^r`hgQqp&`bR­mv`bMPRpv^hu2R6x¦`fyp&`bgm#mo`hMPRR6R6Q#R*c;`b^po`tcPm_w_R
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LNMR¤uPfhm8PR*Q mv­gc;`hR6fhu2mvjp&`bgcPE`bR*c^hmvfq¬¥R*jwP^qMp8^qfhR4xR6c8`b\fhR4xR*gvR4wpo`r`bR*c;`hgmvc gc `hMPRFpvfhR4pmv
gQqpo8RuPfbm]x*R6^b^rgcP*   
,Iª 
R.w_R6^bxfbg¥Rgc`bMPR§m8m&gcP¤`am^hR6x¦`bgm8c^6`amµw_g-'CR*fbR*c;`^r`hfyp&`bR*vgR6^
`bmFw_R¬¥cPRp.cPm_wPpo@Q#R*`hfbgx¬R6w,x*mvQ#gcP§fhm8Q¨`hMg^fbR6^hR6pvfbxyMEpofbR6pª R`d¥^po;pogcxm8c^hgw_R6f
T (i)`bMPR¤^rR*`qmoWpvR6R6QR6c;`b^
T
MPgjxyM xmvc;`ypogcpcPm_w_R
i

i ∈ T
ª WcR6pvxyMR*R*Q#R*c;`
T
gj^qw_R*¬cPR6w
]\`hMPRfbR6^hdP©`y^mvU^rR4x¦`hgmvc _ª ¤p¤dPcPgji;dPR!^h\]Q#QR*`hfbgx(u¥m;^rg`hgvR!w_R¬cg©`bR(`bR*c^hmvf±HZ]k ¡³
MT
ª 
R
pvfhRm]mv]gc#§mvfUpqdcPgi;dPRQR*`hfbgx
Mi
`hMpo`UfbR*uPfbR6^hR*c;`b^Ngc.`hMR2R6^r`Uu¥m;^h^hgPRNp¸\q`bMPg^W^rR*`Umo`bR*c_ 
^hmvfy^6ª
LNMPgj^NuPfbmvPR*Q x*poc!¥R^hmvvR4w(p8^pQ#gcPgQ#g/.6po`hgmvcuPfhm8PR*Q uPfbm&]gw_R4wRpofbR­pvPR­`bm#wPR¬cPR
pWxm8cxR6u_`
mvw_gj^a`ypocx*R2R`aR*R6c`hR6c^hmvfy^*ª®mvf`hMPgj^
RMp¸8R@`hm­fhR4x*pv]^rm8Q#Rw_R*¬cPg`hgmvc^poc¥wfhR4^rd©`y^*ª
®
gfb^r`6WR*`!d^xm8c^rgjw_R6f(`bMPRw_R*¬cPg`hgmvc mo`hMR8R*m_w_R6^hgjxFw_gj^a`ypocx*Rµ2R`aR*R*c `am^h\]Q#QR*`hfbgx
u2m8^hg`hgvRw_R*¬cPg`hR`bR*c^hmvfy^6ª·¢c`bMPR!^hR6i;dPR6H
RgwPR*cPmv`hR
Sym(n)
`bMPR!^hR`mvt^r\]Q#Q#R`hfbgjxqfhR4po
n
  Qqp&`bfhgjxR4^pvcw
Sym+∗ (n)
_`hMR^rR*`Nmv@Z_k ¡¯fbR6pv
n
  Qqp&`bfhgjxR4^0
½  ²Á	 
 
LNMR­gc]&pofbgpvc8`tw_gj^r`bpoc¥xR¥R*`aR6R*c
M, N ∈ Sym+∗ (n)
gj^tw_R*¬cPR4w(]\0
d(M, N) = dist(Id, M−1/2NM−1/2) = N (M−1/2NM−1/2)
pvcw
N (M)) = tr(log(D)2).
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MR*fbR¡¯g^`bMPRR*gvR6c;&pvdPRQqp&`bfhg»!p8^h^hm_xgjp&`hR4wq`bm
M
ª
ÄUcPmo`bMPR*fNp¸\(`bmw_R*`hR6fhQ#gcPR`bMPRgc]&pofbgpvc8`w_gj^a`ypocx*Rgj^U`bMPfbmvdP8M.`hMPR#sgR*QqpocPcgpvcµQ#R`bfhgjxm8c
`bMPR^hupvx*R­mvZ]k¡z`hR6c^hmvfy^*ª
½  ²Á	 
g
W1
pvcw
W2
pvfhRW`am`ypocP8R*c;`vR6x`hm8fb^Np&`
M
_Rw_R¬¥cPR`hMPR^bx*pvpvfNuPfhm_w_d¥x¦`tp&`
M
]\0
(W1, W2)M = (M
−1/2W1M
−1/2, M−1/2W2M
−1/2) = Tr(M−1/2W1M
−1W2M
−1/2)
½  ²Á	  
LNMRstgR6Q#pvcPcPgjpoc.R»_u2mvcPR6c;`hgjpo¹Qqpou.pv^b^rm_x*gpo`hR6w`hmpvc!gc]¸pvfhgjpoc;`NQ#R`hfbgjxg^w_R*¬cPR4w!]\0
expM (W ) = M
1/2exp(M−1/2WM−1/2)M1/2
`bMPgj^tw_g-'2R6mvQ#mvfbuPMPgj^rQ'g^N8m8poIPpocw!Rx6pocdPcPgji;dPR*\!w_R*¬cPR`bMPRgc]8R*fy^rR­QqpouPuPgcP#]\0
logM (W ) = M
1/2log(M−1/2WM−1/2)M1/2
!½ _ @ gc(pouPu2R*c¥w_g©»­;RUwPR6^bxfbg2RUgc(w_R*`bpogj^@`hMRUuPfbmvu2R*fh`hgR6^ mosgR*QqpoccPgpvc(^hupvx*Rtmo«^h\;Q 
Q#R*`hfbgx­u2m8^hg©`bg8RwPR¬cPg`hR`bR*c^hmvfy^pv^NR*«pv^`bMPRw_R*¬cPg`hgmvc^mv`bMPg^U^rR4x¦`hgmvcª
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°g`hMµ`hMPRuPfhR6]gm8d^r\.w_R¬cR6wFx*mvcx*R*u_`­mo@vR6m]wPR6^hgxwPg^r`bpvcxR¥R*`aR6R*cZ]k¡ `bR*c^hmvfy^6Rx*pvc
wPR¬cPR­`bMPRcPm_wPpo¹Q#R`bfhgjx
Mi
pv^`hMR­gc;`hfbgc¥^rgjxUQ#R4pocmo`bMPR^rR*`moQ#R`bfhgjx*^
{MT ; T ∈ T (i)}
*   |
,Iª

ERNfhR4x*pv;`hM¥p&``hMPRgc;`hfbgc¥^rgjx Q#R4pocmo2pWfypocw_m8Qz&pofbgpvPRgcpvcpvfhPg`hfypofb\Q#R`hfbgjx^hup8xRg^@w_R*¬cPR4w
gc#`hMRU^rR6c^hRtmo«®Pfbe6xyMR` pv^l`hMPRUu¥m8gc;`l`bMp&` Q#gcPgQg/.*R4^@`bMPRUR*»]u2R6x`hR4w#¸pvdRtmoC`hMRU^rdQ  mo´ ¢^bi8d¥pofbR6w
wPg^r`bpvcxR(§dPcx¦`bgm8c 0!Ãm8c^rgjw_R6fp^rR*`moWu¥m8gc;`
A = {x1, · · · , xn}
mvcpµsgR*QqpoccPgpvc^hupvx*R
E
ª
LNMR*c`bMPRgc;`bfhgc^hgxWQ#R6poc(mou2mvgc;`b^gc
A
g^Nw_R*¬cPR4w(pv^NpQ#gcPgQdQ mo«`bMPRW§dPcx¦`bgm8c
jA
]`hM¥p&`Ng^6
µ =
pofbvQ#gc
x∈EjA(x)
±     ³
MR*fbR
jA(x) =
1
2n
n
∑
i=1
d(µ, xi)
2
pvcw
d
g^`hMPRvR6m_w_R6^hgxw_gj^r`bpoc¥xRmvc
E
ª
LNMPRuPfbmvu2R*fh`hgR6^mv`hMR­gc;`hfbgc¥^rgjxUQ#R4pocMp¸vRW¥R6R*c.^a`bdw_gR6w!;\	pofyxyMPR*f*   ,Iª Z_gcx*R­`hMPRQ#R6pvc
gj^NvgvR6c(]\q`bMPRQ#gcPgQ#g-.4p&`bgm8c!uPfbmvR6QY±     ³¦PRQd^r`vR6fhg§\q`hM¥p&`U^hdxyM!pQ#gcgQdPQ'R*»]gj^r`b^poc¥w
gj^dPcPgji;dPRvª
pvfbxyMPR6f
^hMPm&t^
`bMp&`@§m8flpWQqpvcPg©§m8wg`hM#cPm8c_ Iu2m8^hg`hgvR^rR4x¦`bgm8cpo_xdfh&p&`bdPfbR`bMPRQ#R6pvc
gj^dPcPgji;dPR*\qw_R¬cR6w¹ª@·¢c(²pvx¦`4;`hMPRZ]k ¡z^hup8xRWwPm;R4^ M¥p¸vRUcmvc_  u¥m;^rg`hgvR­^rR4x¦`bgm8cpoCxdPfb&p&`bdPfhR8;pvcw¹
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`bM]d^*`hMRQ#R6poc,gj^dPcgi;dPR6\w_R¬¥cPR6w¹ª.·¢c *   6,Np.vfypvw_gR*c;`w_R4^hx*R*c;`povm8fhg`hMQ¶`hmµx*mvQ#uPd_`bRq`hMg^
Q#R4pocg^8g8R*c«ª@LNMPR8fbp8w_gR6c;`Nmv
jA
gj^NvgvR6c!]\
∇jA(x) = −
1
n
∑
i=1,n
Logx(xi)
pvcw.`bM;d¥^U`bMPR#gc;`bfhgc^hgxQR4pocmop!^rR*`­mvl`hR6c^rm8fb^­x*pvcF2Rx*mvQ#uPd_`bR6w;\`bMPR§m8m&gcP(8fbp8w_gR6c;`
wPR6^bxR*c;`tpovm8fhg`hMQ 0
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·¢cPuPd_` 0
M1, · · · , Mn ∈ SPD
^hupvx*R
Wd_`huPdP`0
R ∈ SPD
^hupvx*Ro_`bMPRgc;`bfhgc^hgx­Q#R6pvc
R0 = M1
¡Wm
Xi =
1
n
∑
k=1,n LogRi(Mk)
Ri+1 = ExpRi(Xi)

°MgR
(Xi, Xi)Ri > ε
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WcRWmv«`hMPRw_gºxdP`hgR6^Ngc!w_R4pogcg`hM!QR*`hfbgx6^g^`hM¥p&``hMPgj^^ru¥pvxRWg^cPmv`NpvR4x¦`bmvfN^rup8xRU§mvf`hMPR
d¥^rdpv_Qqp&`hfbg»pocw#^bx*pvpvf
QdP`hguPgjx*po`hgmvc#mvu2R*fyp&`bgm8c^6ªLNMPRuPdfhu2m8^hRNmo2`hMPgj^l^hR6x¦`bgm8cgj^`bMPRd^hRmo2p
cR*°²pvQg\moQqpo`hfbg©»m8u¥R6fbpo`hgmvc^mvc(`hMPR^hupvx*R
Sym+∗ (n)
`hMpo`Ng28g8RU`bm`bMPgj^^rup8xR­p8R6x¦`bmvf
^hup8xR ^r`hfbdx¦`bdPfbR *   6, ªLNMPR4^rRmvu2R*fyp&`bgm8c^¹`bMp&`
vR*cR*fypog-.6R@`hMPRd^hdpo;Qqp&`hfbg»pvcw^bx*pvpvf«QdP`hguPgx6p& 
`bgm8c^@pofbRNgc;`bR*fbR6^r`hgcPgc`hR6fhQ mo2`hMPR6gf@Qqpo`hMPR6Q#po`hgjx*^@ufhm8u¥R6fr`bgR4^@^rdxyM#pv^
`bMPRU^hgQ#gpvfhg`a\; Igc]&pofbgpvc8`4
gc]&pofbgpvc8`N]\Qd©`bguPgjx*p&`bgm8c«Pgc]vR*fy^hgm8c!poc¥w(]\!^bx*pvgcPgc`bMPRw_mvQqpvgcmoQqp&`hfbg»(m88pvfhg`hMPQq^6ª
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M1, M2 ∈ Sym+∗ (n)
pocw
λ ∈ R
ªpUmv;pofbg©`bMPQ#gxuPfbm]wPdx¦`mo
M1, M2
g^@w_R*¬cPR4w
p8^§mvm&0
M1 M2 := exp(log(M1) + log(M2))
±   v³
pvcwpmv;pofbg©`bMPQ#gx^bx*pvpvfQdP©`bgugjx*po`hgmvc
⊗
gj^tw_R*¬cPR6w]\0
λ⊗M1 := exp(λ.log(M1)) = M
λ
1
±   }8³
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(Sym+∗ ,)
g^pvfbmvdu«ªLNMPRcPR*d_`bfbpvvR6R6QR6c;`gj^¹`hMR d^hdpo8gwPR*c;`hg`a\Q#po`hfbg©»¹¸pocw
`bMPR8fhm8dPu.gc]vR6fb^hRmolpvcµZ]k ¡ Q#po`hfbg©»g^Ug©`y^Ugc]vR6fb^hRgc.`bMPRQqp&`bfhg»^hR*c¥^rR8ªNVFmvfbR*m&vR6f6_MR*cPR6vR*f
`amZ]k ¡:Q#po`hfbgx*R6^lx*mvQ#QdP`hRNgc#`bMPRQqp&`bfhg»^hR*c^hRvo`hMPR6c#`hMPRtmv;pofbg©`bMPQ#gxQd©`bguPgjx*p&`bgm8c#g^@R4i;dpo
`bm`hMPR6gftQqpo`hfbg©»(ufhm_w_dx`6ª@V¤m8fhR6m&vR*f48`hMPR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exp : (Sym, +) :−→ (Sym+∗ ,)
±   ~;³
gj^ «gRvfbmvdu(gj^rm8Qm8fhuMPg^hQ.ª
·¢cupofh`hgjxdPjpof4m8cPR  upvfbpvQR*`hR6fU^rdPvfbmvdPu¥^tmo
Sym+∗ (n)
pofbRmv_`ypogcPR6wF;\`ypo]gc`hMRQqp&`bfhg»
R*»_u¥m8cPR*c;`hgjpo2mo`hMPm;^rR­mo
Sym(n)
]MPgxyMpofbRW^hgQ#uP\mv«`hMPR­§m8fhQ
(t, V )t∈R
MR*fbR
V ∈ Sym(n)
ª
ÄW^txm8c^hR6i;dPR*c¥xRv]`bMPRgR8fhm8dPu!R*»_u¥m8cPR*c;`hgjpo¹gc
Sym+∗ (n)
g^tvgvR*c]\`bMPRxjpv^b^rgjx*pv¹Qqp&`hfbg»(R»] 
u2mvcR*c;`hgjpo¹m8c(`bMPR«gRÄtvR6Pfbp
Sym(n)
ª
Ä ^r`hfbdx¦`bdPfbRmv «gRNvfbmvdPug^8g8R*c`hm­`hMPR^hupvx*RmvCZ]k¡°Qqp&`hfbgjxR6^6ªLNMRcR*QdP`hguPgjx*po`hgmvcd^hR6w¹
gIª RW`bMPRm88pvfhg`hMPQ#gjxUQdP`hguPgjx*po`hgmvc«_8R*cPR6fbpvg/.*R4^l`bMPRQqp&`hfbg»QdP`hguPgx6p&`hgmvcMPR6c(`amZ]k ¡zQqp& 
`bfhgjxR4^w_m#cPmo`Ux*mvQ#QdP`hRgc`bMPRQqp&`hfbg»!^rR6c^hRvª
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 0
(Sym+∗ (n),,⊗)
Mpv^!pvR4x¦`hm8f(^hupvx*RF^a`bfhdx`hdPfbRvª ·¢c `hMR^hR6i;dPR*INRµg
wPR*cPmv`hR#`hMR(^ru¥pvxR
(Sym+∗ (n)
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Shift of nodes
Destruction
Creation of nodes
Virtual border
elements
of nodes
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Ti(C)
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T
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∑
T∈Ti(C)
|
±
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i = {1, . . . , I}
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Cn = {T1, · · · , Tn} ⊂ Th
¥Rp^rR*`Umo
n
R6R6QR6c;`b^6ª 
Rw_R¬cR`hMRi;dpog`a\!mv
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M ∈ Rd×d
p8^pfbR6pv
n
  2
 	 

Qn = {q(T1), · · · , q(Tn)}
LNMRNi;dpvg`a\
q(T )
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T
mo
Cn
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M
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nb  nodes
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dim  element
· · · ·
· · · ·
ei1 · · e
i
dim  element
· · · ·
· · · ·
e
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nb  nodes nb  elements nb  faces
x11 · x
1
dim  space
· · ·
· · ·
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dim  space
· · ·
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nb  nodes
1 · x
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dim  space
e11 · · e
1
dim  element
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ei1 · · e
i
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e
nb  elements
1 · · e
nb  elements
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f11 · · f
1
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1 · · f
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dim  space
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dim  face logic  fac
nb  faces
MPR6fhR
nb  nodes
gj^ `hMPRWc;dQ2R*fmo«cPm_w_R4^*
nb  elements
gj^@`hMRWc]dPQ¥R6f mo«R6R6Q#R*c;`b^W±´`hR*`hfyp& 
MR6w_fbmvc^lgc}8¡:poc¥w`hfbgpvcPvR6^gc(o¡³¦
nb  faces
g^l`hMPRtc]dPQ¥R6flmo¹2mvdPc¥wPpofb\²p8xR6^6
xij
gj^@`bMPR@n¢`hM
x*m]mvfyw_gc¥p&`hRmvlg©`bMFcPm_w_R8
eij
gj^t`bMPRtn¢`bMµcPm_w_Rmvlg©`bMFR*R*Q#R6c8`4
f ij
gj^t`bMPRtn¢`bMFcPm_w_Rmv@`hMPRg©`bM¤²pvx*Rv
pvcw
logic  faci
gj^N`hMRm8vgjx*poC2mvdPc¥wPpofb\mo`hMPRg`hM²p8xR#ª
 × 
 
	 !#" ~;}
  
YN+!$&	+ ) ' ) ! t!* 	
LNMRudPfhu2m8^hR#mo`hMPgj^pvuPu¥R6cw_g»gj^­`hm.²pvQggpvfhg/.*R`hMPRqfbR6p8w_R*fg`hM,^hmvQ#R#R6^b^rR6c8`bgpvlxm8cxR6u_`b^m8c
`bMPRWwPg 'CR*fbR*c;`hgjpo2QqpocPg§mvjwP^pocw`hMPR­sgR*QqpocPcgpvcvR6mvQ#R`bfh\gcpocgc;`hdPg`hgvRWp¸\Pd_`Ngj^ cPmv`gccPm
x6pv^hRpxmvQ#uPR`bRtxm8dPfb^hRNcPmvf fhgvm8fhm8d^
mvc`hMPRt^hdP_naR4x¦`4ª®mvf`bMp&`48·
fhR*`hdPfbc`hMPRUfhR4pvw_R6f`hm`hMRm8fh
mvCVµpoc_§fbR6w_mkR6fbw_g8pvm­wPmÃpofbQm¥vsgR*QqpoccPgpvc $ R*mvQ#R*`hfb\ * o6, ª@®PR* xm8cxR6u_`b^lpv^hR6^MPgjxyMqg
2R(w_R4^hx*fhg2R6wgc,`hMPgj^pvuPu2R*cw_g»pofbRqR6^b^rR6c;`hgjpo@`bmFgc;`bfhm_w_dx*R(pFsgR*QqpvcPcPgjpoc§fypoQ#R*mvfb¤§mvf`hMPR
`bR*c^hmvfy^6ª
         
·¢c;`bdPg©`bg8R*\v¹pqQqpocg©§m8w¤gj^­p	x*dPfbvR6w
^rup8xRmo
RN
ªÄU^Wg©`gj^Ww_gºxdP`U`bm(fbR*uPfbR6^hR*c;`Wp!xdPfbvR4w
^hup8xRgcp8wPw_g`hgmvc,`bm}Fw_gQ#R*c^hgmvc^6@mvdPfR»PpvQuR4^g¥RgQ#g`hR6w`hmQ#pvcPg§mvjwP^mv
R3
ª®Pmvf
R*»PpoQ#uPRvPp#^ruMPR*fbRmvftp`hm8fhd^pvfhRQqpocg©§m8wP^Nmv
R3
m8fgc.vR6cPR*fypoI_poc]\(^hdPfh²pvxR­gj^tpQ#pvcPg§mvjw!mv
R3
ªlLNMPR^rup8xRmo
`hMR`hR*c¥^rm8fb^
Sym+n
MPgjxyM.Rg«w_R4^hx*fhg2R`hMPR6fhR4p&´`hR6fg^pQqpocg©§m8wmo
R6
ª
R`d^W`bpvvR`hMPR#R»PpvQuRmol`bMPRq^ruMPR*fbR
S2
ªLNMR^huPMPR6fhRg^p!QqpocPg§mvjwµmv
R3
ªÄ `bmvfbd^6Cp
i;dp8w_fbgxtpvfhRQqpvcPg©§m8w^ mv
R3
ª
· «m8cPRtm8^rR6fh8R6^lp^ruPMR*fbRv;mvcPRUx6pocpvuPuPfbm¸»]gQqp&`bRN`hMPR­xdPfb&p&`hdfhRtmv
g`b^­^hdPfr²p8xR]\¤p#`bpvcPvR6c;`UuPjpoc«ªt· `­g^UR»Ppvx`h\!M¥p&`Wd¥^UR`­d^tQqpo8RMPR6cµpqvR6mv8fbpvuPMPgjx*po«xyM¥pofh`
gj^w_fyp¸c80
`hMPRx*dPfbvRmo`hMPR8fhm8dPcw!g^pvuPuPfbm8pvxyMR6w]\(puPjpocª
½  ²Á	
    ½  ½   _ " ½   1+IÁ "²Â
·¢cP§mvfbQ#pv\v¥pw_g-'2R6fhR6c8`bgpvPRQ#pvcPg§mvjw.g^Wp#`a\]u¥Rmv@Q#pvcPg§mvjw,±§MPgjxyM¤g^Ugc.`bdPfbcFp#;gcw¤mv`bmvu2mo 
mv8gx6po@^hupvx*R4³U`hMpo`g^^hgQgjpofR*cmvdP8Mµ`bm ) dxgwPR6poc,^hupvx*R`hm¤pom& mvcPR`hmFwPm.x6pojxdPd^6ª#· `g^
gQ#u¥m8fr`ypoc;`l`bmcPmo`bR`hM¥p&`wPg 'CR*fbR*c;`hgjpoRUx6pocqQ#R6pvc^rgvM;`h\wPg 'CR*fbR*c;`l`bMPgc8^gcw_g-'CR*fbR*c;`x*mvc;`hR*»;`y^*
^hdxyMp8^x*mvc;`hgc]dPmvd^h\Ew_g-'CR*fbR*c;`hgjpoPRv@E`bgQ#R6^#w_g-'CR*fbR*c;`hgjpoPRv@m8fgc_¬cPg`hR6\wPg 'CR*fbR*c;`hgjpoRE±²poj^hm
]cPm&c.pv^^hQ#m]mo`hM2³¦ª
R`d^W`bpvvR#po8pvgcmvdPf­R»PpvQuRmo`hMPRq^huPMPR*fbRvª®PmvfR4pvxyMµu2mvgc;`­mv `bMPg^QqpvcPg©§m8w«¹mvcPR#x*pvc
2RwPR¬cPR4^Up`bpocvR*c;`Uupvc«ªULNMPgj^t`ypocP8R*c;`UuPjpocFx*mvc;`bpvgc¥^Upoc¤gc_¬cg©`a\.mo@`ypocP8R*c;`U8R6x¦`bmvfy^N`hm(`hMPR
QqpvcPg©§m8w«ª 
°g©`bM!`bMPRgd^r`hfyp&`hgmvcmo
¬8dPfhRv_PmvcR­g«dPcw_R6fb^r`bpvcw(`hMpo`tmvcPRx*pvc¤pvwPw(`am#8R6x¦ 
`bmvfy^mo@p`ypocP8R*c;`uPjpoc¤pocw(`hm#fbR*Qqpogcgc`hMg^upvc«ª
·¢c!`hMPR^bpoQ#RWNp¸\v]m8cPR­x6pocQdP`hguP\!p8R6x¦`bmvf]\qmvcPR^hx6pojpofNpocw`hmfhR6Qqpogc(gc`hMR­upvc«ªWc
`bMPR#mo`bMPR*fMpvcw¹«g`g^gQ#u¥m;^h^hgPR`hm¤p8wPwF`amvR6x`hm8fb^Wmo`am.w_g-'2R6fhR6c8``ypocP8R*c;`uPpvc^­¥R4x*pvd^rR
m8cPRm8dPjw(R6p¸8RWm8cPRmvfN`hMRmo`hMR*fuPjpoc«ª
®
gcpo\vm8cPRx6pocF^hMPm&:`bMp&`­p#`bpvcPvR6c8`WuPpvc¤Mpv^Up^a`bfhd¥x¦`hdfhRmvlvR6x`hm8ft^rup8xR8P`hM¥p&`Wm8cPRg
¥R
x6poR4w`ypocP8R*c;`t^ru¥pvxR
TxM
`hm#`hMRQ#pvcPg§mvjw
M
p&`tpu¥m8gc;`
x
ª
½  ²Á	 «  H½       B+ Á "²Â
p­sgR*QqpoccPgpvcQqpocg©§m8w±²V, ;³±²g©`bM#stgR6Q#pvcPcPgjpocQR*`hfbgx]³«gj^@pUfbR6pv_w_g 'CR*fbR*c;`bgpvPRQqpocPg§mvjwV
gc¤MPgjxyM.R6pvxyM`ypocP8R*c;`U^ru¥pvxRgj^tR4i;dPguu¥R4w.g©`bMFpoc.gccPR*fWuPfhm_w_d¥x¦`tqgcFp#Q#pvcPcPR6ftMPgjxyM¤¸pvfhgR6^
^hQ#m]mo`hM\§fbmvQ%u2mvgc;``bmu2mvgc;`6ª LNMPg^qpvm&t^mvcPR!`hm,w_R*¬cPR.&pofbgm8d^cmo`hgmvc¥^^hdxyM pv^#pocP8R4^*
R*co`hM¥^moUx*dPfbvR6^6pofbR6pv^q±²mvfvmvdPQ#R6^y³¦@x*dPfh&po`hdPfbRv
vfypvw_gR*c;`y^mo§dPc¥x¦`hgmvc¥^pvcw,w_gvR*fbvR6cxRqmv
×× Í
@BADC EDE
~8~ DD (-	
x
v
w
u
t
γ
y
les plans tangents aux points x et y d e la sph ére sont d iff érents : les v ec teurs
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3.3 que dans le cas général cette fonction n’est pas définie sur toute la variété.
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ª
ÃMm;m;^rgcP
A = Σ
−1/2
1
PRx6pocfhR4w_dxR`bMPgj^`hmpu^hR*dw_mv IcmvfbQ]m8ftw_g^r`bpvcxR­`bmqgw_R6c;`hg`a\ 0
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